Introduction
It has been well established that excessive ethanol consumption is associated with an increased risk of cancers in various organs (Bann et al. 2007) . It is estimated that alcohol consumption accounts for 3.6% of all cancer cases and 3.5% of cancer deaths in the world (Boffetta et al. 2006) . However, the mechanisms by which ethanol causes cancer remains obscure.
Recently, aberrant statuses of retinoids, which are structurally and/or functionally related to vitamin A (retinol), have been implicated in the pathogenesis of some types of cancers. It is well established that, at least in natural conditions, retinoic acids (RAs) are mainly responsible for retinoid actions among various retinoids. A current consensus is that RAs are supplied via retinol metabolisms in vivo.
Both retinol and ethanol are types of alcohol. Thus, features of their metabolic pathways are similar to each other. The aim of this chaper is to summarize the latest knowledge on the supply pathway of RA in vivo and that on carcinogenesis due to short supply of RA. Moreover, we recently suggested that in situ RA supply was disturbed by ethanol metabolism in esophageal mucosa, and hypothesized that this could account for the pathogenesis of esophageal cancer seen in alcoholics. In this chapter, we also discussed how this hypothesis could be fit to the clinical characteristics of esophageal cancer seen in alcoholics. Since many of the views introduced in this chapter are obtained from animal models, we must interpret them carefully. However, we believe that most of these views are fully applicable for clinical cases. Fig. 1 . Absorption, storage, and delivery to a target cell of retinol.
www.intechopen.com The Interaction Between the Metabolism of Retinol and Ethanol in Esophageal Mucosa -A Possible Mechanism of Esophageal Cancer in Alcoholics 105

RA formation from retinol in RA target cell
A cell which requires RA, namely a RA target cell usually expresses a receptor for RBP4, named "stimulated by retinoic acid 6 (STRA6)", on its surface and their combination allows for the retinol-RBP4-TTR complex to bind to the cell curface. From the complex, the cell incorporates only retinol by the action of LRAT. A part of free retinol binds to CRBP, forming a retinol-CRBP complex in the cell. Since the CRBP-1 gene has a binding site for RAR-α at its promoter region, it may be up-regulated by RA, suggesting that the protein contributes to retinol storage when RA is over supplied in the cell. On the other hand, free retinol is converted to RA via a two step oxidation process in which retinol is first oxidized to retinal via retinol dehydrogenase (RDH), and is then oxidized to RA via retinal dehydrogenase (RalDH). The formed RA binds to a cellular RA binding protein (CRABP), which may contribute to RA storage in the cell. The formation of a RA-CRABP complex may also facilitate the migration of RA from the cytosol into the nucleus, and the formation of RA-RA receptor complex binding to RA target genes. Free RA is further catalyzed to 4-hydroxyl-retinoic acid (4-OH-RA), 18-hydroxy-retinoic acid (18-OHRA), 4-oxo-retinoic acid ((4-oxo-RA), and 5,6-epoxy-retinoic acid (5,6-epoxy-RA) in the cell via Cyp26A, B, and C, enzymes of a P450 familiy. Among these RA metabolites, 4-oxo-RA has been shown to have RA activity (Baron et al.) . These features are summarized in Figure 2 . When RA is transported into the nucleus, it binds to RA receptors which usually bind to the promoter regions of RA target genes. They comprise two classes, i.e. retinoic acid receptors (RAR) and retinoid X receptors (RXR), and each comprises three subtypes designated as α, β, γ, respectively. Furthermore, each subtype has several isoforms, namely two isoforms of RARα (α1, α2), five isoforms of RARβ (β1−β4 and β1'), two isoforms of RARγ (γ1, γ2), and two isoforms of RXRα (α1, α2), two isoforms of RXRβ (β1, β2), and two isoforms of RXRγ (γ1, γ2 The transcription of some genes is regulated by polycomb group proteins (PcG, Simon and Kingston 2009). Although it is still unclear how PcGs recognize their specific sites on DNA, they bind to some regions on their target gene. In this situation, co-activators, such as the pCIP/p300 protein, can not bind to retinoid receptors binding to the gene, and gene translation does not occur. Gillespie and Gudas demonstrated that RA regulates this PcGs-DNA binding. Namely, when RA binds to the RAR-RXR complex, which binds to RARE sometimes located at the 3' region of the gene, PcGs are removed from the gene, facilitating the binding of the gene co-activator(s), starting gene transcription ( Figure 5 ). They demonstrated that the RARγ−RXR-RA complex exclusively exhibits such an action, but not others. Expressions of Cyp26a1, and RARβ2 a r e k n o w n t o b e c o n t r o l l e d i n t h i s w a y (Gillespie and Gudas 2007). 
Retinol
Retinoids and cancer
When vitamin A, a major source of RAs, is depleted, metaplasia of squamous cells occurs (Harris et al. 1972 ,Lotan et al. 1993 . In clinical cases, vitamin A deficiency has been implicated in the development of esophageal cancer (Mellow et al. 1983) . In vitro studies clearly demonstrated that retinoids inhibit cell proliferation of normal cells . The current consensus is that normal differentiation and proliferation of the cell are spoiled when intercellular homeostasis of retinoids is disturbed (Zou et al. 1994) . Apparently, an abnormal retinoid status is related to carcinogenesis. Therefore, it is not surprising that the administration of retinoid prevents the development of squamous cell carcinoma in the skin, oral cavity, and lung in animal models (Moon et al. 1994) . Notably, some synthetic retinoids were reported to be effective in preventing the development of esophageal cancer from severe esophageal squamous dysplasia (Han 1993).
Retinoids also act against malignant cells. They suppress the growth rate of various tumor cells including melanoma, neuroblastoma, glioma, retinoblastoma, embryonal carcinoma, lymphoma, leukemia, myeloma, various sarcoma, as well as cancers of the breast, prostate, bladder, colon, head and neck, and cervix. Most malignancies develop based on the www.intechopen.com
The Interaction Between the Metabolism of Retinol and Ethanol in Esophageal Mucosa -A Possible Mechanism of Esophageal Cancer in Alcoholics 109 complicated accumulation of various events including genetic alterations, dysregulation of cell growth, abnormal cell differentiation, and changes in the phenotype and cell function. Retinoids may be involved in all of these steps and usually exhibit anti-cancer effects.
Retinoids and apoptosis
It is well established that retinoids induce apoptosis and cell cycle arrest in some malignant cells. All-trans retinoic acid (ATRA) has been known to produce p53 dependent apoptosis in promyelocytic leukemia HL-60 cells (Noguchi et al. 1995) . Moreover, a synthetic retinoid upregulated the expression of p21 (WAF1/CP1), Bax, and Killer/DR5, resulting in cell-cycle arrest of the G1 phase and apoptosis in human non-small cell lung cancer cell. These phenomena were observed only in cell lines having a wild type of p53, but not in those with mutant p53, indicating that they were p53 dependent (Sun et al. 1999a ). On the other hand, retinoids were shown to produce cell-cycle arrest of the G0/G1 phase and apoptosis in a p53 independent manner in human breast cancer cells (Shao et al. 1995) . Apoptosis due to retinoids via the BCL2 pathway in orbital fibroblasts (Pasquali et al. 2003) , via caspase-3 in esophageal squamous cells (Wan et al. 2001) , and via CPP32-like caspase in lung non-small cell carcinoma (Sun et al. 1999b ) have been also demonstrated. In addition, c-Myc and its downstream genes have been shown to be involved in apoptosis caused by a synthetic retinoid in human lung cancer cell (Sun et al. 1999c ). The mitogen-activated protein kinase (MAPKs) pathway is now recognized as an important cascade regulating the expressions of various genes related to apoptosis and cell proliferation. RA also activates MEK-dependent ERK2, a member of the MAPK family, and subsequent RB hypophosphorylation, resulting in cell differentiation and G0 arrest in the myeloid leukemia cell line (Yen et al. 1998 ).
Obviously, retinoids have the potential to produce apoptosis in various cells, resulting in the reduction of cell growth. Thus, it is fully conceivable that an RA deficiency causes the reduction of cellular apoptosis, which may cause carcinogenesis. Although the mechanisms as to how retinoid causes apoptosis have not been unified, differences in experimental conditions, including characteristics of target cells, structures of retinoids used, and amounts of retinoids used, may account, at least in part, for this complexity.
Retinoids and cell differentiation
Retinoids maintain proper differentiation in normal cells at physiological doses as well as restore demolished regulation of differentiation and/or cell growth of certain malignant or pre-malignant cells at pharmacological doses. At any rate, they usually enhance cell differentiation (Gudas et al. 1994) . RA signals via RAR-β2 seem to be responsible for the maintenance of normal cell differentiation in epithelial cells. RAR-β2 signals are known to suppress the expression of EGFR (or ErbB-1). Thus, its reduction causes over expression of EGFR and its downstream proteins comprising activating protein-1 (AP-1) and COX-2, resulting in the disturbance of normal cell differentiation. The RAR-β2 signals are also known to attenuate the phosphorylation of extracellular signal-regulated protein kinases 1 and 2 (Erk1/2), contributing to the down-regulation of AP-1 in esophageal cancer cells (Li et al. 2002) . Recently, a new protein named retinoid receptor induced gene 1 (RRIG1), mediating the anticancer effects of RAR-β2, was cloned from esophageal cells. When its expression is maintained, the expression of RhoA and its downstream proteins including Cyclin D1, the phosphorylation of Erk1/2, and COX-2 are suppressed. RhoA also causes factin formation which induces colony formation, invasion, and proliferation of cells. Suppression of RhoA is required to keep these malignant characteristics in stationary states. When RRGI1 expression is attenuated using its antisense mRNA, these malignant characteristics were induced in esophageal squamous cancer cell lines (Liang et al. 2006 ).
Preservation of cell-cell communication is an important characteristic for maintaining normal cell differentiation. Retinoids induce expression of connexin 43, a gap junction protein, contributing to the meintenance of cell-cell communication (Rogers et al. 1990 ). Retinoids also participate in the maintenance of gene expression of various extracellular matrix proteins, including integrins, lamminin (Ross et al. 1994) , and hyaluronic acid (Kim et al. 2010) to prevent the transformation of normal cells. RA signals via RAR-β may participate in the expression of several cell adhesion proteins, such as LSAMP which has anti cancer effects, and PCDH11Y which guides normal development (Wallden et al. 2005 ).
Retinoids and anti cancer effect via immunity
Retinoids also exhibit anti tumor effects via immunological mechanisms. Treatment of tumors with ATRA resulted in increased sensitivity to CTL and NK-cell-mediated lysis via MHC class I (Santin et al. 1998 , Thompson et al. 2006 . ATRA administration was shown to enhance apoptosis induced by IFN-γ in human glioblastoma cells. IFN-causes expression of HLA class II and HLA-DM molecules, and expression levels become higher when cells are treated with ATRA. Apparently, ATRA contributes to the production of apoptosis via the class II-mediated immune system (Haque et al. 2007) . Recently, upregulation of HER2 (or ErbB-2) is implicated in the carcinogenesis of some cancers. IFNγ is known to downregulate HER2 oncoprotein p185 and this may be an event explaining the anti cancer effect of IFNγ. Ou et al. demonstrated that IFNγ induces the expression of RRIG1, which is responsible for the downregulation of the HER2 oncoprotein p185 in ovarian cancer cells. Thus, retinoids, which are essential factors for maintaining RRIG1 expression, should be important in exhibiting the anti-cancer effect of IFNγ (Ou et al. 2008) . Retinoids exhibit anti cancer effects not only via ErbB-1, as shonw in section 5.2, but also ErbB-2.
RA signals via RAR-β2 have been shown to increase the expression of tumor cell antigens, such as CTAG1, CTAG2, and those of RIG-1/DDX58, responsible for the innate immune response (Wallden et al. 2005) . From this viewpoint, retinoids are also indispensable for the anti cancer effect via immunity.
Lack of RAR-β2 expression and carcinogenesis
There is no doubt that RA has anticancer effects, however, some cancers exhibit RA resistance (Lippman and Davis 1997) . Although the mechanisms behind this phenomenon are still obscure, the role of RAR-β2, one of the RA receptor, is of major interest, recently. The importance of RAR-β2 signals for anti cancer effects are mentioned in section 5.2 and 5.3, and recently, the relationship between suppression of RAR-β2 expression and RA resistance was demonstrated in various cell lines established from cancers in the kidney, esophagus, lung, breast, and prostate. Importantly, when RAR-β2 cDNA is compulsorily www.intechopen.com
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expressed using an adequate vector in cancer cells lacking RAR-β2 expression and acquiring RA resistance, they regain RA sensitivities (Houle et al. 1993) . Furthermore, when COX-2, a downstream protein of RAR-β2, was reduced in esophageal cancer cells exhibiting RA resistance, they recovered RA sensitivity (Song et al. 2005) . On the other hand, when RAR-β2 expression was compulsorily suppressed by its antisense, lung cancer developed in mice (Berard et al.1996) .
In clinical cases, the reduction of RAR-β2 was observed in cancers of head and neck, esophagus, lung, breast, pancreas, cervix, and prostate. Interestingly, a lack of RXR-β expression is also observed in pre-malignant lesions in the oral cavity (Lotan et al. 1995) and the bronchus (Xu et al. 1999) , as well as in morphologically normal cells adjacent to cancer cells (Widschwendter et al. 1997) . It can be assumed that the alteration of RAR-β expression status is involved in the neoplastic transformation from normal cells, and these aspects are consistent with the concept of field cancerization which was mentioned in section 2.3. As also mentioned in section 2.3, where one of characteristic features of field cancerization is the accumulation of mutant p53 not only in malignant cells, but also in pre-malignant lesions. The reduction of RAR-β2 has been also implicated in the accumulation of mutant p53 in some cancers. The accumulation of p53 in pre-malignant lesions in the oral cavity has been shown to be correlated with RA resistance, possibly due t o a l a c k o f R A R −β up-regulation (Lippman et al. 1997) . Moreover, immortalized dysplastic cells of oral mucosa have been reported to be characterized by the accumulation of mutation p53, induction of hTERT mRNA, and a lack of RAR-β2 and p16 expression (McGregor et al.1997) . Consequently, the same group concluded that the lack of RAR-β2 and p16 expression are the only essential factors for this transformation process among these events, at least for their model (Muntoni et al. 2003) .
Clinically, the preservation of RAR-β2 expression is associated with a higher efficacy in RA treatment of premalignant lesions in oral mucosa (Lotan et al. 1995) , and also with a better prognosis in neuroblastoma cases (Cheung et al. 1998 ).
The mechanisms which lie behind the reduction in RAR-β2 expression still remain obscure. In a lung cancer cell line lacking RAR-β2 expression, deletion of chromosome 3p, a site responsible for RAR-β2, was observed (Geradts et al. 1993 ). However, this seems to be a rare case. On the other hand, Lin et al. found that the orphan receptor COUP-TF was essential for RAR-β2 expression and the lack of COUP-TF caused a reduction in RAR-B2 expression in some cancers (Lin et al 2000) . A recently prevailing view is that the lack of RAR-β2 is attributed to epigenetic mechanisms, namely the unusual methylation status of the RAR-β2 gene, and the aberrant acetylation or phosphorylation of the histone wrapping the gene (Widschwendter et al. 2000 , Lewis et al. 2005 , Bean et al. 2005 ). In addition, Lefebvre et al. have demonstrated that an alteration of the PI3K/Akt signaling pathway is involved in the abnormal phosphorylation of the RAR-β2 histone, resulting in the loss of RAR-β2 expression in the cell (Lefebvre et al. 2006) . Importantly, the genes of RAR-β2 and RRIG1 constituting the RAR-β2 pathway, are RA inducible genes. The fact that the expression of RAR-β2 is regulated by RA via PcGs is mentioned in section 4.2. This suggests that cellular RA levels affect the expression of RAR-β2 levels and the status of its downstream proteins. The reduction in RAR-β2 expression has been demonstrated in some tissues of rats fed with vitamin A deficient diet (Verma et al. 1992) . Moreover, Xu et al. found that intercellular RA levels were lower in premalignant lesions of human oral mucosa compared to normal ones (Xu et al. 1995) . These observations support the view that an RA deficiency causes the reduction in RAR-β2 expression, which is closely related to carcinogenesis. (This section (5.4) was written referring to the review of Xu et al., 2007) . 
RAR-b2↓ lack of orphan receptor EGFR
RA depletion epigenetic factors
Reduction in RAR-β2 is now assumed to be closely related to carcinogenesis in some organs. In addition, the reduction of RAR-β2 is also implicated in the accumulation of mutant P53, which is often observed in some cancer cells and their premalignant regions. Multiple factors may affect RAR-β2 expression. Since RAR-β2 and RRIG1 are RA inducible genes, RA depletion is expected to reduce their expression, changing the features of their downstream proteins. A decrease in the RAR−β2 signal increases expression of EGFR, and phosporylation of Erk1/2, resulting in an increase in the expressions of AP-1 and COX-2. It also decreases the expressions of RRIG1, resulting in increases in RhoA and Cyclin D1. An increase in RohA also causes Erk1/2 phosphorylation and COX2 activation. These changes cause carcinogenesis. In addition, RhoA is implicated in the activation of f-actin formation, resulting in colony formation, proliferation, and invasion of cells. (modified from a figure from Xu et al. 2007) Fig. 6. Possible mechanisms for the development of cancer by RA depletion via a reduction in RAR-β2 expression.
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Structural and functional features of the in situ RA supply system in esophageal mucosa and its implication with the clinical aspects of esophageal cancer in alcoholics
As mentioned above, RAs are produced from vitamin A (retinol) in RA target cells in situ via a two step oxidation process, namely retinol is oxidized to retinal, a type of aldehyde, then retinal is oxidized to RA, a type of acid. The structural feature of this pathway is fundamentally the same as that of ethanol metabolism, in which ethanol is oxidized to acetaldehyde, a type of aldehyde, then acetaldehyde is oxidized to acetate, a type of acid. It is well established that the former pathway comprises retinol dehydrogenase (RDH) and retinal dehydrogenase (RalDH), and the latter alcohol dehydrogenase (ADH) and aldehydedehydrogenase (ALDH).
Cloning of cDNA and gene of ADH7
Notably, there are several enzymes that have affinity for both retinol and ethanol or retinal and acetaldehyde and contribute to their oxidations such as human ADH 7, corresponding to Class IV ADH in rat. A study on the interaction between the metabolism of retinol and ethanol was opened by the findings of the existence of such enzymes. We cloned the cDNA ) of human ADH7 from a human gastric cDNA library and showed that it had 72% homology to human ADH1, a major ADH, on the cDNA level. We also cloned its gene and demonstrated that it was localized at 4q23-24 of the human genome, i.e. the ADH cluster . These observations support the view that the enzyme is a member of the ADH family. We also found that the mRNA of ADH7 was exclusively expressed in human gastric mucosa among organs examined at that time (Yokoyama et al. 1995a ). At present, ADH7 is known to be generally expressed in human upper digestive organs (Yin et al. 1993) . We also reported SNP of ADH7 at exon 7 (Yokoyama et al. 1995b) , however, its significance is still unknown. Recently, SNP at codon 92 of ADH7 cDNA (glycine/alanine change rs1573496) has been implicated in a higher incidence of head and neck cancer (Hashibe et al. 2008 ).
RA supply from vitamin A in the gastrointestinal tract
To know the significance of ADH7, we examined retinol metabolism in the esophagus and stomach using a high pressure liquid chromatography (HPLC) system by which 3 isoforms, i.e. all-trans, 9-sis and 13-cis of retinol, retinal, and RA were simultaneously quantified (Yokoyama et al. 2000) . Subsequently, we established a new HPLC condition to quantify these isoforms more precisely , Figure 7 ). Using this technique, we demonstrated that RA could be produced when specimens of rat esophageal mucosa (Crabb et al. 2001 ) and human gastric mucosa were incubated with all-trans retinol in the presence of NAD. These pathways were designated as NAD-dependent in situ RA supply systems. Levels of RA production from retinol were shown to be dependent on ADH7 activities in human gastric mucosa . We also demonstrated that Helicobacter pylori infection decreased the levels of ADH7 activities as well as the activity levels were inversely associated with the severity of morphological changes in the mucosa (Matsumoto et al. 2005 ).
Feature of an NAD dependent in situ RA supply system in rat esophageal mucosa
As ADH7, an NAD-dependent enzyme, is expressed in esophageal mucosa and has affinity to retinol, the enzyme is expected to contribute to the first step of an NADdependent in situ RA supply system in esophageal mucosa. Since ADH7 also has affinity to ethanol, it is postulated that ethanol can hamper the system in a competitive manner. When specimens of esophageal mucosa prepared from normal rats were incubated with retinol in the presence of NAD and various concentrations of ethanol, ethanol of 1 M or more was shown to attenuate RA production in the condition (Shiraishi-Yokoyama et al., 2003) . The ethanol concentration which hampered the RA supply was comparable to the established Km value for ethanol of rat Class IV ADH, i.e. at a molar level (Allali-Hassani et al., 1996) , RA production was thought to be competitively disturbed in the model (Shiraishi-Yokoyama et al., 2003) .
(1) 13-cis retinal, (2) 9-cis retinal, (3) all-trans retinal, (4) 13-cis RA, (5) 9-cis RA, (6) all-trans RA, (7) internal-standard, (8) 13-cis retinol, (9) all-trans retinol (10) all-trans 4-oxo RA, (11) 9-cis 4-oxo RA, (12) 13-cis 4-oxo RA. Various retinoid isoforms were successfully separated using a HPLC technique established in our laboratory. It allowed us to quantify them up to 2.5 ng/ml. The details are described in the article of Miyagi et al. 2001 .
Fig. 7. Simultaneous quantification of various retinoids by a HPLC technique.
Using a similar experimental design, we also found that acetaldehyde of 50 µM and more hampered RA production from retinal in the esophageal mucosa of the rat, suggesting that an enzyme having affinity to both acetaldehyde and retinal participates in the second step of the NAD dependent in situ RA supply system in esophageal mucosa (Shiraishi-Yokoyama et al. 2006) . One of the candidates having such characteristics was ALDH1A1, and this assumption was supported by our observation that the acetaldehyde concentration that hampered RA supply in the model was comparable to the reported Km value for acetaldehyde of rat ALDH1A1, i.e. 30 µM (Crabb et al., 2004) . This also supports the view that RA production was www.intechopen.com
competitively disturbed by acetaldehyde. The finding that catalytic activity for all-trans retinal of rat esophageal mucosa was 5.3 µM/min, which was consistent with that of rat ALDH 1A1 for all-trans retinal, i.e, 0.6-10 µM (Kathmann et al., 2000; Montplaisir et al., 2002) , also suggested that RA production in the model was due to ALDH1A1.
We recently demonstrated that predominant ADHs in rat esophageal mucosa were Class I, III, and IV ADHs in mRNA levels (Yokoyama et al. 2010) , which agreed with the expression pattern of ADHs in rat esophageal mucosa as examined in protein levels (Vaglenova et al. 2003) . As Class IV ADH exhibits the highest affinity for retinol among these ADHs (Moreno and Pares, 1991) , the view that Class IV ADH is involved in the NAD-dependent in situ RA supply system in rat esophageal mucosa is plausible. Moreover, we also demonstrated that the predominant ALDHs in rat esophageal mucosa were ALDH 1A1 and 3A1 in mRNA levels (Yokoyama et al. 2010) . Since ALDH1A1 has the potential for catalyzing retinal to RA, whereas ALDH3A1 has no affinity for retinal (Yoshida et al., 1992 , Bhat et al., 1996 , Moore et al., 1998 , this finding is compatible with the view that ALDH1A1 constitutes the NADdependent in situ RA supply system in rat esophageal mucosa.
We also confirmed that the expression levels of mRNA of both Class IV ADHs and ALDH 1A1 in the mucosal-layer of the rat esophagus were significantly higher than those in its muscle-layer (Yokoyama et al. 2010 ). Similar observations for Class IV ADH in the esophagus (Haselback and Duester, 1997, Vaglenova et al., 2003) and ALDH1A1 in the alveolar wall (Hind M et al., 2002) were reported. It is likely that the NAD-dependent RA supply system predominantly exists in the mucosal-layer, compared to the muscle-layer, in the rat esophagus and is supposed by the fact that a large quantity of RA is required in the epidermis compared to muscle (Randolph and Siegenthaler, 1999) .
An NAD dependent in situ RA supply system in human esophageal mucosa
Since the expression pattern of isoforms of ADHs and ALDHs in human esophageal mucosa (Yin et al. 2003 ) is identical to that of the rat, it is postulated that an NADdependent in situ RA supply system whose structural feature is similar to that of rat esophageal mucosa exists in human esophageal mucosa, and responsible enzymes for the pathway are expected as ADH7 and ALDH1A, corresponding to rat Class IV ADH and ALDH1A1, respectively. When it is premised on this assumption, various clinical characteristics of esophageal cancers seen in alcoholics can be explained fairly satisfactorily.
The Km value for ethanol of human ADH7 is 25mM (Kedishvili et al., 1995) , markedly different from that of rat Class IV ADH. Since this ethanol level habitually appears in alcoholics, the first step of the NAD-dependent in situ RA supply system in the human esophagus could be hampered, causing a reduction in RA supply in them. It is of interest to know the effect of above mentioned ADH7 SNP rs1573496, which is implicated in the higher incidence of head and neck cancer (Hashibe et al. 2008) , on RA supply. On the other hand, the Km value for acetaldehyde of human ALDH1 is 41 µM (Kathmann et al., 2000) , comparable to that of rat ALDH1A1. Importantly, acetaldehyde of such a level actually appears in alcoholics with the ALDH 2*2 allele. This suggests that the second step of the NAD-dependent in situ RA supply system in the human esophagus is further hampered in such subjects (Figure 8 ).
Retinol Ethanol
ADH 7 Km for Ethanol =25 mM
Retinal Acetaldehyde ALDH1 Km for acetaldehyde = 41 µM
Retinoic acid Acetate
The in situ RA supply system in human esophageal mucosa may comprise ADH7 and ALDH1. Since they also have affinity for ethnaol and acetaldehyde, respectively, the system may also participate in ethanol metabolism. Considering their Km values for ethanol and acetaldehyde, when esophagus is exposed to ethanol at a concentration of more than 25 mM, and acetaldehyde at a concentration of more than 41 µM, which can occur in alcoholics and in alcoholics with the ALDH2*2 allele, respectively, RA supply from retinol is hampered, resulting in the development of a RA deficiency. Importantly, multiple lines of evidence suggest that a RA deficiency causes carcinogenesis. In this chapter, the relationship between RA and carcinogenesis is summarized and we refer to the possibility that an intracellular RA deficiency leads to carcinogenesis. On the other hand, our observations that an NAD dependent in situ RA supply system comprising Class IV ADH and ALDH1A1 exists and ethanol metabolism hampers RA supply in rat esophageal mucosa are introduced. Moreover, we mention the plausibility that human esophageal mucosa also has a similar system comprising ADH7 and ALDH1A. Incorporating these views, our hypothesis is that RA supply in esophageal mucosa is hampered by excessive ethanol consumption and this is a causative factor in the development of esophageal cancer in alcoholics. In this section, whether this hypothesis can fit with the clinical characteristics of esophageal cancer in alcoholics is discussed.
6.5.1
The in situ RA supply system and organ specificities in cancers related to ethanol consumption
As mentioned in section 2.1, there are organ specificities in cancers related to ethanol consumption. The present hypothesis suggests that the in situ RA supply system in esophageal mucosa comprises ADH7 and ALDH1A, and ethanol metabolism hampers these enzymes, resulting in a compromised intracellular RA level and the development of malignancy. It must be noted that this hypothesis can be applied to organs comprising RA target cells but not to those comprising non RA target cells. Moreover, several enzymes which have affinities for retinol and/or retinal but not for ethanol and/or acetaldehyde, such as families of p450, RDH, and retinal dehydrogenase (Lee et al. ,1991; Drager et al., 1998) has been identified. The present hypothesis can be neither applied to organs of which in situ RA supply systems comprise such enzymes since ethanol metabolism does not disturb RA supply in them. Thus, organ specificity of the structural feature of the in situ RA supply system may, at least in part, account for the organ specific susceptibilities to malignancy caused by ethanol consumption.
The in situ RA supply system and genetic variations in cancers related to ethanol consumption
In section 6.4, we discussed the possibility that ethanol and acetaldehyde of physiological concentrations may hamper the NAD-dependent in situ RA supply system in the human esophagus. This indicates that ethanol hampers RA supply via this system and acetaldehyde further affects it. This schema is compatible with the clinical feature that prevalence of esophageal cancer increases in alcoholics and is even higher in alcoholics carrying ALDH2*2 allele , as described in section 2.2. A recently prevailing explanation as to how acetaldehyde causes esophageal cancer is that acetaldehyde binds to DNA and/or chromatin, forming an acetaldehyde adduct, thereby altering their functions (Yu et al. 2011 ). However, no distinct difference has been confirmed between esophageal cancers which develop in alcoholics with or without acetaldehyde accumulation, namely in those with or without the ALDH2*2 allele, suggesting that the esophageal cancers which develop in both types of alcoholics have a common pathogenesis. Thus, the hypothesis that both ethanol and acetaldehyde hamper the in situ RA supply system, causing carcinogenesis, is easier to accept than that a specific effect of acetaldehyde causes carcinogenesis.
6.5.3
The in situ RA supply system and field cancerization in cancer related to ethanol consumption As emphasized in section 5.4, the reduction in RAR-β2 gene expression has been shown to be related to carcinogenesis in various organs, including the esophagus. Furthermore, as mentioned in section 4 and 5, RA deficiency may cause this reduction in RAR-β2 expression. Interestingly, a significant overlap is observed between cancers related to a lack of RAR-β2 expression and those related to excessive alcohol consumption, as recognized by IARC (Table 1 ). This overlap is consistent with the present hypothesis that ethanol consumption disturbs the in situ RA supply system, resulting in the reduction of RAR-β2 expression and carcinogenesis. As mentioned in section 2.3, some types of cancers in the esophagus develop via field cancerization. One of the distinct features of the field cancerization is the accumulation of mutant p53 not only in cancer cells, but also pre-malignant lesions. Such features were recently demonstrated in the esophageal mucosa of alcoholics (Yokoyama et al. 2011) . As mentioned in section 5.4, the lack of RAR-β2 expression has been implicated in the development of field cancerization as well as in p53 accumulation. Table 1 . Cancers related to RAR-β2 suppression and alcohol consumption.
6.5.4
The in situ RA supply system and strain difference in susceptibility to ethanol with respect to carcinogenesis
As mentioned in section 2.4, thus far, there are limited animal models in which cancers were produced by ethanol administration alone. Although Soffritti et al. could produce multiple cancers in rats by ethanol administration for long periods (Soffritti et al. 2002) , there was limited development of esophageal cancer in their model. Since the Km value for ethanol of rat Class IV ADH is a non-physiological level and accumulation of acetaldehyde does not usually occur in rats, it is expected that ethanol consumption does not hamper the in situ RA supply system in the esophageal mucosa of the rat and this can explain why ethanol alone does not produce esophageal cancer in their model. The structural feature of the in situ RA supply system may also account for the strain difference in susceptibility to ethanol with respect to carcinogenesis.
Conclusion
There is much evidence to show that reduction of RAs is associated with the development of malignancy. Most cancers must develop via multiple processes including genetic alterations, dysregulation of cell growth, differentiation, cell function, and cell loss, and change of cell phenotype, and RAs are involved in all these events. Furthermore, the reduction of RAs may down-regulate immune mechanisms against malignant cells. Among the multiple effects of RA, the relationship between the reduction of signals via RAR−β2, one of the RA receptors, and carcinogenesis is of major interest lately. The current observations suggest that RA deficiency may reduce the expression of RAR-β2.
In mammals, RA is synthesized from retinol, a type of alcohol, ingested from food. Recently, it has become clear that RA can be synthesized from retinol, which is delivered by blood vessels, via a two step oxidation pathway in a RA target cell. We recently demonstrated that such a pathway which can produce RA from retinol in an NAD dependent manner exists in rat esophageal mucosa, and designated it as an NAD dependent in situ RA supply system. Furthermore, we demonstrated that the pathway comprised Class IV ADH and ALDH1A1 and was hampered by ethanol, a substance of the former as well as by acetaldehyde, that of the latter. Considering the expression patterns of ADH and ALDH in the human and rat esophagus, it is fully plausible that a similar pathway, one comprising ADH7 and ALDH1A exists in human esophageal mucosa. Since their Km values for ethanol and acetaldehyde are at physiological concentrations, we hypothesized that the metabolism of excessive ethanol consumption disturbs the pathway, resulting in a deficiency in RA, and the development of malignancy in esophageal mucosa. This hypothesis can account for clinical characteristics of cancers in alcoholics, including organ specificity, genetic specificity, and strain specificity. Moreover, this hypothesis is also compatible with the fact that esophageal cancer develops in a field cancerization manner in alcoholics. Further studies based on this hypothesis may be beneficial for understanding the pathogenesis of esophageal cancer seen in alcoholics, which must be important for having strategies of its prevention, diagnosis and treatment.
